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1 

AMPLITUDE AND PHASE ESTIMATION METHOD IN A 
WIRELESS COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

5 

L Field of the Invention 

The current invention relates to wireless telecommunications. More 
particularly, the present invention relates to a novel and improved method 
of compensating for phase and amplitude distortion of multiple signals 
10 transmitted through a single channel. 

IL Description of the Related Art 

The use of code division multiple access (CDMA) modulation 

15 techniques is one of several techniques for facilitating communications in 
which a large number of system users are present. Other multiple access 
communication system techniques, such as time division multiple access 
(TDMA), frequency division multiple access (FDMA) and AM modulation 
schemes such as amplitude companded single sideband (ACSSB) are known 

20 in the art. Techniques for distinguishing different concurrently-transmitted 
signals in multiple access communication systems are also known as 
channelization. The spread spectrum modulation technique of CDMA has 
significant advantages over other multiple access techniques. 

The use of CDMA techniques in a multiple access communication 

25 system is disclosed in U.S. Patent No. 4,901,307, entitled "SPREAD 
SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING 
SATELLITE OR TERRESTRIAL REPEATERS", assigned to the assignee of 
the present invention and incorporated by reference herein. The use of 
CDMA techniques in a multiple access communication system is further 

30 disclosed in U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD 
FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
TELEPHONE SYSTEM", and in U.S. Patent No. 5,751,761, entitled "SYSTEM 
AND METHOD FOR ORTHOGONAL SPREAD SPECTRUM SEQUENCE 
GENERATION IN VARIABLE DATA RATE SYSTEMS", both assigned to 

35 the assignee of the present invention and incorporated by reference herein. 
Code division multiple access communications systems have been 
standardized in the United States in Telecommunications Industry 
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Association T1A/E1A/JS-95-A, entitled "MOBILE STATJON-BASE STATION 
COMPATIBILITY STANDARD FOR DUAL-MODE WIDEBAND SPREAD 
SPECTRUM CELLULAR SYSTEM", hereafter referred to as IS-95 and 
incorporated by reference herein. 
5 The International Telecommunications Union recently requested the 

submission of proposed methods for providing high rate data and high- 
quality speech services over wireless communication channels. A first of 
these proposals v^as issued by the Telecommunications Industry 
Association, entitled "The cdma2000 ITU-R RTT Candidate Submission", 

10 hereafter referred to as cdma2000 and incorporated by reference herein. A 
second of these proposals was issued by the European Telecommunications 
Standards Institute (ETSI), entitled "The ETSI UMTS Terrestrial Radio 
Access (UTRA) ITU-R RTT Candidate Submission". And a third proposal 
was submitted by U.S. TG 8/1 entitled 'The UWC-136 Candidate 

15 Submission" (referred to herein as EDGE). The contents of these 
submissions is public record and is well known in the art. 

In the CDMA demodulator structure used in some IS-95 systems, the 
pseudonoise (FN) chip interval defines the minimum separation two paths 
must have in order to be combined. Before the distinct paths can be 

20 demodulated, the relative arrival times (or offsets) of the paths in the 
received signal must first be determined. The demodulator performs this 
function by "searching" through a sequence of offsets and measuring the 
energy received at each offset. If the energy associated with a potential offset 
exceeds a certain threshold, a demodulation element, or "finger" may be 

25 assigned to that offset. The signal present at that path offset can then be 
summed with the contributions of other fingers at their respective offsets. 
The use of CDMA searchers is disclosed in U.S. Patent No. 5,764,687, entitled 
"MOBILE DEMODULATOR ARCHITECTURE FOR A SPREAD SPECTRUM 
MULTIPLE ACCESS COMMUNICATION SYSTEM", assigned to the 

30 assignee of the present invention and incorporated by reference herein. 

In the CDMA receiver structure used in some IS-95 systems, data 
passing from transmitter to receiver is divided into frames which are 
transmitted at fixed time intervals. Depending on the varying amount of 
data to be transmitted during each interval, the transmitter places the data 

35 into one of several sizes of frame. Since each of these frame sizes 
corresponds to a different data rate, the frames are often referred to variable- 
rate frames. The receiver in such a system must determine the rate of each 
received frame to properly interpret the data carried within the received 
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3 

frame. Such rate determination methods often include the generation of 
frame quality metrics, which may be used to assess the level of uncertainty 
associated with the determined frame rate. Methods of performing rate 
determination and generating frame quality metrics are disclosed in U.S. 
5 Patent No. 5,751,725, entitled "METHOD AND APPARATUS FOR 
DETERMINING THE RATE OF RECEIVED DATA IN A VARIABLE RATE 
COMMUNICATION SYSTEM", assigned to the assignee of the present 
invention and incorporated by reference herein. 

Signals in a CDMA system may be complex PN spread as described in 
10 U.S. Patent Application Serial No. 08/856,428, entitled "REDUCED PEAK TO 
AVERAGE TRANSMIT POWER HIGH DATA RATE IN A CDMA 
WIRELESS COMMUNICATION SYSTEM," filed April 9, 1996, assigned to 
the assignee of the present invention and incorporated by reference herein, 
and in accordance with the following equations: 

15 

I = r PNj + Q' PNq (1) 
Q = rPNQ-Q'PNi. (2) 

where PN, and PNq are distinct PN spreading codes and V and Q' are two 
channels being spread at the transmitter. 

As described in cdma2000, transmission signals are constructed 
utilizing orthogonal Walsh coding, with one Walsh code used to transmit a 
pilot sub-channel signal. The orthogonal Walsh sub-charmels used to 
construct such transmission signals are added together before being 
transmitted, and travel through the same transmission channels or 
pathways before being received at the receiver. Each transmission channel, 
by its inherent nature, alters the phase and amplitude of the signals passing 
through it, and also adds a component of thermal noise. These channel 
characteristics change with any movement by transmitter or receiver, but 
may vary over time even when both receiver and transmitter are stationary. 
Channel characteristics generally change very slowly compared with the data 
symbols transmitted through the channel. 

Some CDMA receivers employ circuits which estimate the phase and 
amplitude distortion of the charmel. These estimates are then used to 
compensate for channel distortion, enabling more accurate decoding and 
demodulation of the received signals. One such circuit for estimating phase 
and amplitude of a channel, and performing a dot product of that output 
with the demodulated data signal, is described in detail in U.S. Patent No. 
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5,506,865, entitled "PILOT CARRIER DOT PRODUCT CIRCUIT", assigned to 
the assignee of the present invention and incorporated by reference herein. 
In that described implementation, an all-zero pilot channel is received and 
used to estimate the channel characteristics. The resultant channel 
5 estimates are then used to convert demodulated signals to scalar digital 
values. 

All CDMA signals transmitted on orthogonal sub-channels cause 
mutual interference to each other, as well as acting as jammers for adjacent 
cell areas. To enable coherent demodulation of orthogonal sub-channel 
10 signals, one sub-channel is often dedicated as a pilot carrier. As detailed in 
aforementioned U.S. Patent No. 5,506,865, the pilot carrier is used in the 
receiver to produce estimates of the channel characteristics. The accuracy of 
these channel estimates is dependent on the strength of the pilot channel 
signal. Unfortunately, the pilot channel carries no data, so it is desirable to 
15 minimize the pilot transmit power. Conventionally the pilot power 
relative to the data signal power is selected by balancing between these two 
factors such that the best overall system performance can be achieved. For 
this reason, a method of producing accurate channel estimates which does 
not require increased pilot signal strength is highly desirable. 

20 

SUMMARY OF THE INVENTION 

The present invention describes a method and apparatus for 
improving the performance of a receiver that receives multiple sub-channel 
signals transmitted together through a common propagation path, also 
called a transmission channel. In order to compensate for phase and 
amplitude distortion introduced into the signals by the transmission 
channel, the receiver uses a pilot sub-channel signal to estimate the phase 
and amplitude distortion of the transmission channel. The process of 
estimating of distortion inherent in the transmission channel is called 
channel estimation, which is used to produce channel estimates. The 
invention includes a novel method of utilizing data-carrying sub-channels 
(not the pilot sub-channel) to improve the accuracy of channel estimates. 
The present invention is applicable to any communication system 
employing simultaneous transmission of multiple sub-charmels and 
coherent demodulation. 

The sub-channel signals within an information signal may be either 
time division multiplexed (TDMed) or code division multiplexed (CDMed). 
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The exemplary embodiment describes the present invention in the context 
of the reverse link proposed in cdma2000. Because of overriding 
commonalties in channel structure, the present invention is equally 
applicable to reception of the reverse link transmissions according to the 
5 candidate submission proposed by the European Telecommunications 
Standards Institute (ETSI), entitled "The ETSI UMTS Terrestrial Radio 
Access (UTRA) ITU-R RTT Candidate Submission" (hereafter WCDMA). 
Moreover, the present invention is equally applicable to reception of the 
forward link of these systems. 
10 In cdma2000, the data-bearing sub-channels include a high data rate 

(e.g. 76.8 kbps) supplemental channel and a low data rate (e.g. 9.6 kbps) 
fundamental channel. The nominal power of the pilot channel is 
optimized for demodulation of the fundamental channel (e.g., _ of the 
fundamental channel power). In order to enable proper demodulation of 
15 the high data rate supplemental channel, the cdma2000 standard proposes to 
increase the pilot power beyond nominal levels when the * supplemental 
channel is in use. In addition, the cdma2000 standard proposed to use 
different levels of pilot power depending on which of several available data 
rates the supplemental channel is using. 
20 Varying the pilot power according to data rate causes other difficulties 

in system design. For example, it requires the receiver to know the data rate 
in advance in order for the power control loop to behave correctly. This also 
makes the selection of searching/ finger locking more difficult. Moreover, it 
is desirable to reduce the pilot overhead to improve overall system 
25 performance if it can be done without sacrificing demodulation 
performance. 

By enabling the formation of channel estimates based on the 
fundamental channel signal, the present invention enables a system to 
achieve superior supplementary channel demodulation performance. If 

30 enough channel estimate information can be extracted from the 
fundamental channel, acceptable supplementary channel demodulation 
performance may be achieved without varying the pilot power at all. 
Because the fundamental signal can be transmitted with as much as 4 times 
the power of the pilot signal, a channel estimate formed using both signals is 

35 much more accurate than an estimate based on the pilot signal alone. 
Subsequent demodulation using the more accurate channel estimate will 
have improved performance as well. 
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In cdma2000, the transmit power of the fundamental channel is four 
times that of the nominal pilot. The combined power of the pilot and 
fundamental channels would be five times the power of just the nominal 
pilot channel. A combined channel estimate derived from both the 
5 nominal pilot and fundamental channels would be accurate enough for 
demodulating a cdma2000 supplemental channel. Though increasing the 
pilot power whenever the supplemental channel is in use would still be an 
option, it may not be necessary given the enhanced accuracy of the combined 
channel estimate. 

10 The added accuracy of a channel estimate extracted from the received 

fundamental channel depends on the use of a correct reference signal, which 
is optimally identical to the transmitted fundamental channel signal. Any 
inaccuracy in the decoded symbols used in forming fundamental channel 
estimates will degrade the quality of the combined channel estimate. 

15 Though the supplemental channel is likely to be a packet data channel, 
which has a high tolerance for frame errors, it may still be desirable to 
minimize the frame error rate when demodulating the supplemental 
channel- 
In the preferred embodiment of the invention, the received 

20 fundamental channel signal is first deinterleaved and forward error 
correction (FEC) decoded to take advantage of the transmitter'^s 
complementary FEC encoding and interleaving functions. Then, the 
corrected symbol stream is re-encoded and re-interleaved to produce an ideal 
replica of the transmitted signal for use as a reference signal by the channel 

25 estimator. 

In an alternative embodiment of the invention, fundamental 
channel power is increased as necessary to reduce the fundamental channel 
error rate. Because decreasing the fundamental channel error rate produces 
a more accurate channel estimate, increasing fundamental channel power 
30 also results in a reduced error rate when demodulating the supplemental 
channel. When the data rate ratio between the supplemental and the 
fundamental channels is large, a slight increase in fundamental channel 
power has little effect on the total transmitted power and hence causes little 
degradation. 

35 In a more general sense, the present invention can be used where a 

single channel of information is transmitted. In an alternate embodiment 
using a single data channel, the charmel is artificially split into two physical 
channels, which are transmitted synchronously at different data rates. Upon 
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receipt, the low rate channel is first demodulated and decoded using pilot 
based channel estimates. The decoded bits are then re-encoded and used to 
improve the channel estimates used to coherently demodulate the high data 
rate supplemental channel. This scheme may enable data throughput 
5 which draws nearer to the theoretical capacity limit in a fading 
environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG, 1 is a diagram illustrating basic components of a wireless 
communication system incorporating an embodiment of the invention. 

FIG. 2 is a block diagram of a preferred embodiment of the invention 
in a wireless transmitter. 

FIG. 3 is a block diagram of a preferred embodiment of the invention 
in a wireless receiver. 

FIG. 4 is a block diagram of an exemplary channel estimator circuit. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

FIG. 1 shows the present invention in the context of a wireless 
25 communication system. In the exemplary embodiment, subscriber station 2 
transmits several code division multiplexed signals through a transmission 
charmel 8 to a base station transceiver subsystem (BTS) 4 through receive 
antenna 6. In the exemplary embodiment of a cdma2000 or WCDMA 
reverse link, the code division multiplexed channels are distinguished from 
30 one another using orthogonal coding. This method of providing 
orthogonal coding is described in detail in aforementioned copending U.S. 
Patent Application Serial No. 08/856,428. 

In the exemplary embodiment, the three types of CDMA signals 
transmitted from subscriber station 2 to base station transceiver subsystem 4 
35 are pilot 10, fundamental 12, and supplemental 14. In the exemplary 
embodiment, the signals transmitted from subscriber station 2 are code 
division multiple access communication signals including a pilot channel, a 
fundamental channel, and a supplemental channel, as defined in cdma2000. 



10 



15 



20 
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The generation and transmission of code division multiple access 
communication signals is well known in the art and is described in detail in 
the aforementioned U.S. Patent No. 5,103,459 and in the lS-95 specification. 

The subscriber station 2 is shown as a mobile station, but could also be 
5 a wireless modem, wireless local loop subscriber station, a BTS, or any other 
wireless communication equipment which transmits multiple synchronous 
sub-channels. The receiver station 4 is shown as a BTS, but could also be a 
wireless subscriber station or any other receiver which coherently 
demodulates multiple sub-channels. The method and apparatus for 

10 simultaneously receiving multiple transmissions is well known in the art. 
In the exemplary embodiment, the signals transmitted from subscriber 
station 2 are received at BTS 6 using a RAKE receiver, the implementation 
of which is well known in the art and is described in the aforementioned 
U.S. Patent No. 5,109,390. 

15 FIG. 2 shows subscriber station 2 capable of transmitting multiple 

synchronous sub-channels in accordance with one embodiment of the 
invention. In FIG. 2, pilot, supplemental, and fundamental channel signals 
are produced for transmission on orthogonal sub-channels. 

The pilot channel is a known, constant transmitted waveform, and 

20 therefore carries no data. For this reason, forward error correction and 
interleaving are unnecessary on the pilot channel. The pilot channel is sent 
directly into a Walsh spreader 110 which spreads the data according to a pilot 
channel Walsh function Wp, thus producing a Walsh covered pilot channel 
signal. The Walsh covered pilot channel signal is then sent to a relative 

25 gain module 116, which adjusts the amplitude of the covered pilot channel 
signal relative to the signals carried by other orthogonal transmit sub- 
channels. In the preferred embodiment, the pilot channel Walsh function is 
the all-zero Walsh code, the pilot channel Walsh spreader 110 is omitted, 
and a DC signal is sent directly into relative gain module 116. 

30 The fundamental channel data is first sent to a forward error 

correction (FEC) encoder 102, which produces an encoded fundamental 
channel signal. The resultant encoded fundamental channel signal is sent 
to an interleaver 106, which produces an interleaved fundamental channel 
signal. The interleaved fundamental channel signal is then sent to the 

35 Walsh spreader 112, which spreads the data according to a fundamental 
channel Walsh function Wp, thus producing a covered fundamental 
channel signal. The covered fundamental channel signal is then sent to a 
relative gain module 118, which adjusts the amplitude of the covered 

0070773A2 I > 



wo 00/70773 



PCT/USOO/12792 



fundamental channel signal relative to the signals carried by other 
orthogonal transmit sub-channels. 

The supplemental channel data is first sent to a forward error 
correction (FEC) encoder 104, which produces an encoded supplemental 
5 channel signal. The resultant encoded supplemental channel signal is sent 
to an interleaver 108, which produces an interleaved supplemental channel 
signal. The interleaved supplemental channel signal is then sent to the 
Walsh spreader 114, which spreads the data according to a supplemental 
channel Walsh function Wg, thus producing a covered supplemental 

10 channel signal. The covered supplemental channel signal is then sent to a 
relative gain module 120, which adjusts the amplitude of the covered 
supplemental channel signal relative to the signals carried by other 
orthogonal transmit sub-channels. 

Though the preferred embodiment shown uses orthogonal Walsh 

15 functions to accomplish sub-channel coding, one skilled in the art will 
appreciate that the sub-channel coding could also be accomplished using 
TDMA or PN coding without departing from the current invention. In an 
embodiment utilizing PN coding, the reference signals Wg, Wp, and Wp are 
replaced by PN codes corresponding to the supplemental, pilot, and 

20 fundamental channels respectively. 

One skilled in the art will appreciate that the FEC modules 102 and 
104 could employ any of a number of forward error correction techniques 
without departing from the current invention. Such techniques include 
turbo-code encoding, convolutional coding, or other form of coding such as 

25 block coding. In addition, the interleavers 106 and 108 could utilize any of a 
number of interleaving techniques, including convolutional interleaving, 
turbo-interleaving, block interleaving and bit reversal interleaving. Turbo 
code encoders and turbo interleavers are described in aforementioned 
cdma2000 specification. 

30 The output of each relative gain module 116, 118, and 120 is then sent 

to the PN spreader module 122. The output of the PN spreader module 122 
is then sent to transmitter 124. Transmitter 124 provides additional control 
of transmit gain by varying the gain of the entire composite signal received 
from PN spreader module 122 before transmitting the signal through 

35 anterma 126. 

In an alternative embodiment, the optional relative gain module 116 
is omitted, and the pilot signal is sent directly to the PN spreader module 
122. The gains of other channels are adjusted with respect to the gain of the 
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pilot channel. One skilled in the art will appreciate that the two methods of 
controlling relative gains of the channels, using the systenn including 
relative gain module 116 or without relative gain module 116, are 
functionally equivalent. 
5 One skilled in the art will appreciate that any sub-channel signal may 

be "turned off" by causing its effective transmit gain to equal zero. This may 
be accomplished by so configuring its respective relative gain module 116, 
118, or 120. The same result may be obtained by discontinuing the progress 
of the sub-channel signal through the PN spreader, such as with a logic 
10 switch. One skilled in the art will appreciate that one may use either 
method of setting a sub-charmel's effective transmit gain to zero without 
departing from the present invention. 

PN spreader 122 spreads the orthogonal channel signals using a 
pseudorandom generated spreading sequence and sends the resultant 
15 composite signal to the transmitter 124 for transmission through the 
antenna 126. In the preferred embodiment, the PN spreader 122 utilizes 
complex PN spreading, as described in aforementioned U.S. Patent 
Application Serial No. 08/856,428. As shown in Figure 33 of aforementioned 
cdma2000 specification, the PN spreader 122 may additionally rotate the 
20 signals of the fundamental and supplemental channel outputs of gain 
modules 118 and 120 by 90 degrees relative to the pilot channel signal output 
by gain module 116 prior to performing PN spreading. 

One skilled in the art will appreciate that PN spreader 122 could 
produce one complex spread signal for each input signal, allowing relative 
25 gain modules 116, 118, and 120, to be placed after PN spreader 122 and before 
In an alternative embodiment, the relative gains applied by relative 
gain modules 116, 118, and 120 are controlled dynamically by gain control 
processor 128. The gain of each module may be altered according to data 
rates of the channels. For example, the pilot channel gain may be increased 
30 when data is being transmitted on both the fundamental and the 
supplemental channel. Or, the fundamental channel gain may be increased 
when data is being transmitted on the supplemental channel. 

FIG. 3 shows a preferred embodiment of the invention as used in a 
wireless receiver. The composite signal containing three orthogonal sub- 
35 charmels is received through the antenna 200 and is downconverted in the 
receiver 202. The resultant downconverted signal is then sent to the 
complex PN despreader 204 to produce I and Q component samples used in 
subsequent processing. Complex PN despreader operates in accordance with 
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aforementioned in U.S. Patent Application Serial No. 08/856,428. The 
operation of fundamental channel estimation apparatus 250, pilot channel 
estimation apparatus 252, and channel estimate combiner 230 are explained 
in detail below. 

5 The I and Q component samples are sent to a Walsh despreader 206, 

which uses the same Walsh function Wp used to spread the fundamental 
channels in the Walsh spreader 112. A Walsh despreader contains The 
Walsh despreader 206 produces I and Q components for the decovered 
fundamental channel. 
10 The I and Q component signals are also input into pilot channel 

estimator 218a, to produce filtered Pilot I and Pilot Q samples. Pilot channel 
estimator 218a is shown with an input of Walsh code Wp, which 
corresponds to the Wp used to spread the pilot channel in Walsh spreader 
110. 

15 FIG. 4 shows an exemplary embodiment of a channel estimator 218. 

The complex input signal is provided to channel estimator 218 as I and Q 
sample streams. The I samples are mixed with a reference signal in mixer 
302a, to extract a real component of the complex input signal. The output of 
mixer 302a is provided to noise rejection filter 304a to remove noise from 

20 the extracted real component. In mixer 302b, The Q samples are mixed with 
the same reference signal as used in mixer 302a in order to extract an 
imaginary component of the complex input signal. The output of mixer 
302b is provided to noise rejection filter 304b to remove noise from the 
extracted imaginary component. One skilled in the art will appreciate that 

25 the noise rejection filters 304 may be implemented as low-pass filters, 
matched filters, or accumulators without departing from the current 
invention. 

The reference signal used in a channel estimator 218 could be real, 
imaginary, or complex. In an alternative embodiment of a channel 

30 estimator 218 appropriate for use with a complex reference signal, mixers 302 
are complex multipliers (which may also be called complex mixers), each 
having both real and imaginary outputs. The real outputs of mixers 302 are 
then summed before being filtered in real-component filter 304a. The 
imaginary outputs of mixers 302 are summed before being filtered in 

35 imaginary-component filter 304b. In the same fashion, complex multipliers 
could be used in a Walsh spreader or despreader to allow the use of complex 
Walsh codes as reference functions during spreading and despreading. 
Walsh spreading using complex Walsh codes is known as complex Walsh 
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spreading, and Walsh desp reading using complex Walsh codes is known as 
complex Walsh despreading. 

In the proposed cdma2000 standard, the pilot channel is transmitted 
90 degrees out of phase with the fundamental and supplemental channels. 
5 In the preferred embodiment, therefore, the pilot channel estimator 218a 
rotates its output by 90 degrees. This rotation may be accomplished in many 
ways, including multiplying the reference by an imaginary value, or by 
rotating the real and imaginary outputs of noise rejection filters 304. The 
same end result may also be accomplished by rotating the signals of the 
10 fundamental and supplementary channels without departing from the 
current invention. Also, the relative rotation of the pilot channel in 
relation to the fundamental and supplementary channels may be positive or 
negative without departing from the current invention. 

Together, the extracted real and imaginary components constitute a 
15 channel estimate vector containing amplitude and phase information for 
any signal component which correlates with the reference signal. The 
quality of the channel estimate depends on the degree of correlation between 
the received complex input signal and the reference signal. To achieve the 
highest degree of correlation between the received complex input signal and 
20 the reference signal, the reference signal used by the receiver must exactly 
match that transmitted by the transmitter, for example Walsh code Wp in 
the case of the pilot channel. Any difference between the reference signal 
and the transmitted signal can cause inaccuracy in the channel estimate. 

In an IS-95 system, the pilot Walsh code Wp is an the all-zero Walsh 
25 code, in which case a channel estimate can be made using just a pair of 
filters, as is described in aforementioned U.S. Patent 5,506,865. In this case, 
pilot channel Walsh spreader 110 is omitted from the transmitter. The 
channel estimator in the receiver could then be implemented such that the 
mixers 302 could be omitted from pilot channel estimator 218a. A channel 
30 estimator for an all-zero Walsh code pilot, consisting of filters without 
mixers, is also known as a pilot filter. The embodiment of the channel 
estimator depicted in FIG. 4, however, allows the use of a pilot Walsh code 
other than the all-zero Walsh code. 

Together, the Pilot I and Pilot Q signals are used as an estimate of the 
35 amplitude and phase characteristics of the CDMA transmission channel 8. 
The resultant Pilot I and Pilot Q, along with the decovered fundamental 
channel I and Q components are provided to dot product module 208. Dot 
product module 208 which computes the scalar projection of the 
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fundamental channel signal onto the pilot channel estimate vector, in 
accordance with the circuit described in aforementioned U.S. Patent No. 
5,506,865. Because the pilot channel signal 10, the fundamental channel 
signal 12, and the supplemental channel signal 12 have traversed the same 
5 propagation path 8, the channel induced phase error is the same for all three 
signals. 

This phase error is removed by performing the dot product operation 
described in aforementioned U.S. Patent 5,506,865. In the exemplary 
embodiment, the fundamental channel is coherently demodulated in a dot 

10 product module 208 using a pilot channel estimate. The dot product module 
produces a scalar signal for each symbol period, which is indicative of the 
magnitude of the fundamental channel signal that is in phase with the pilot 
signal received through the transmission channel 8. 

The fundamental channel symbols output by the dot product module 

15 208 is then sent into deinterleaver 210, which performs the inverse of the 
function of transmit interleaver 106. The resultant deinterleaved signal is 
then sent to forward error correction (FEC) decoder 212. Decoder 212 
performs the inverse function of the FEC encoder 102 and outputs a forward 
error corrected signal. 

20 The corrected signal output by decoder 212 is also sent to an encoder 

224, which re-encodes the signal using the same FEC function as the 
transmitter FEC encoder 102. In this way, encoder 224 produces an ideal 
representation of the transmitted fundamental signal. This ideal 
representation is then sent to an interleaver 226, which performs the same 

25 function as the transmitter interleaver 106, producing an ideal 
representation of the interleaved fundamental channel data transmitted by 
subscriber station 2. 

The I and Q component samples produced by Walsh despreader are 
also input into delays 220, which produce I and Q components which are 

30 synchronized with the output of the interleaver 226. Delays 220 are designed 
to compensate for the delays introduced by the dot product module 208, the 
deinterleaver 210, the decoder 212, the encoder 224, and the interleaver 226. 

The synchronized I and Q components output by delays 220 are then 
sent, along with the output of interleaver 226, into channel estimator 218b, 

35 Channel estimator 218b uses the output of interleaver 226 as a reference 
signal, and uses the outputs of delays 220 as the I and Q sample stream from 
which it forms a channel estimate output. 
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The corrected bits output by FEC decoder 212 are re-encoded and re- 
interleaved to produce a reference signal which has a higher probability of 
matching what was actually transmitted on the fundamental channel. By 
using this more reliable reference signal as input for channel estimator 218b, 
5 the accuracy of fundamental channel estimates produced by channel 
estimator 218b is improved. 

In a suboptimal embodiment, instead of using deinterleaver 210, 
decoder 212, encoder 224, and interleaver 226 to create an ideal 
representation of the fundamental channel signal, the output of dot product 
10 module 208 could be provided directly to channel estimator 218b. In this 
case, delay elements 220 would only compensate for the time required to 
perform the dot product operation in dot product module 208. However, 
the fundamental channel estimator would not gain the error correction 
benefits of the bypassed components. 
15 The complex output components of the pilot channel estimator 218a 

are subjected to delay elements 222 to compensate for the delay inherent in 
performing channel estimation using the fundamental channel signal. The 
channel estimation parameters produced by processing of the fundamental 
channel is sent, along with the delayed channel estimation parameters from 
the delay elements 220 and 222 into channel estimate combiner 230. Channel 
estimate combiner 230 combines the channel estimation data for both pilot 
and fundamental channel processing and produces output containing a 
third, combined channel estimate. As the characteristics of the transmission 
channel change over time, pilot channel estimator 218a and channel 
estimator 218b provide updated channel estimates to channel estimate 
combiner 230, which updates the combined charmel estimation output 
accordingly. 

In the preferred embodiment, the output of decoder 212 sent to 
encoder 224 is additionally sent to control processor 216. Control processor 
214 produces frame rate information for each received frame of data. Control 
processor 214 also performs validity checking of the received frames. Control 
processor 216 produces a fundamental channel quality metric based on the 
results of its rate determination and validity checking of received data. The 
fundamental channel quality metric is used to assign an appropriate 
weighting factor to the fundamental channel estimate in relation to the 
weighting factor assigned to the pilot channel estimate. The fundamental 
channel quality metric varies based on the validity of received frames based 
on the correctness of the CRC. Since different rate frames may also use 
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different numbers of CRC bits, or have varying degrees of frame error 
checking protection, control processor 216 may additionally vary the 
fundamental channel quality metric according to received frame rate. 

Control processor 216 is also connected to encoder 224. Control 
5 processor 216 sends frame rate information to encoder 224 for use in re- 
encoding the data received from decoder 212. 

In the exemplary embodiment, channel estimate combiner 230 is a 
weighted-average combiner, which produces the combined channel 
estimation signal by performing a weighted average of the pilot and 
10 fundamental channel estimates in accordance with the following equations: 



IcOMB ^ -^PILOT (1"^) IpUND 



15 where Rcomb Icomb *^he real an imaginary components of the 

combined channel estimate, RpiLox Ip,LOT are the real an imaginary 

components of the pilot channel estimate, RpuNo ^fund real an 

imaginary components of the fundamental channel estimate, and X is a 
scaling factor. The scaling factor X has a value from 0 to 1. A scaling factor 

20 value of 1 results in a combined channel estimate which is equal to the pilot 
channel estimate. A scaling factor value of 0 results in a combined channel 
estimate which is equal to the fundamental channel estimate. The value of 
X represents a first multiplier, which is multiplied by the pilot channel 
estimate to produce a scaled channel estimate for the pilot channel. The 

25 value of (1-X) represents a second multiplier, which is multiplied by the 
fundamental channel estimate to produce a scaled channel estimate for the 
fundamental channel. The two scaled channel estimates are added together 
to produce the combined channel estimate. 

Channel estimate combiner 230 additionally uses the fundamental 

30 channel quality metric provided by control processor 216 as a dynamic 
weighting factor to the channel estimates produced from the fundamental 
channel. When the fundamental channel quality metric indicates a high 
rate of frame errors, channel estimate combiner 230 increases the value of 
the scaling factor X. When frame errors occur, therefore, the combined 

35 channel estimate used for demodulating the supplemental channel is 
derived more from the pilot channel estimate and less from the 
fundamental charmel estimate. In an alternative embodiment, a frame 
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error causes the value of scaling factor X to be equal to 1 until a valid frame 
is received. 

In an alternative embodiment of the invention, control processor 216 
includes a smoothing module, which performs smoothing, or low-pass 
5 filtering, of the fundamental channel quality metric before it is sent to 
channel estimate combiner 230. This smoothing helps to make the 
weighted average performed by channel estimate combiner 230 less 
susceptible to high-frequency noise inherent in the channel. 

In yet another embodiment of the current invention, the receiver 
10 knows the relative gains used by relative gain modules 116 and 118 when 
transmitting the pilot and fundamental channel signals. In this 
embodiment, the value of X is adjusted such that the ratio of the first 
multiplier over the second multiplier is equal to the ratio of the transmit 
gain of the pilot channel over the transmit gain of the fundamental 
15 channel. 

In the preferred embodiment, the fundamental channel quality 
metric provided by control processor 216 to channel estimate combiner 230 is 
synchronized with the reference signal provided to channel estimator 218b. 
This can be accomplished by incorporating a delay or buffer into control 

.20 processor 216. Control processor 216 may also perform a smoothing 
function to the fundamental channel quality metric before providing it to 
channel estimator 218b. In the preferred embodiment, however, the 
fundamental channel quality inetric produced by control processor 216 is not 
smoothed, and may change suddenly on frame boundaries. 

25 The I and Q component samples used as input to Walsh despreader 

236 are sent through delay elements 232, which serve to synchronize the 
output of Walsh despreader 236 with the output of channel estimate 
combiner 238. Delay elements 232 could instead be placed between Walsh 
despreader 238 and dot product module 238 without departing from the 

30 present invention. Walsh despreader 236 uses the Walsh function Wg used 
by the transmitter's Walsh spreader 114, and produces decovered 
supplemental channel I and Q components. These decovered supplemental 
channel components, along with the combined channel estimation signal 
from channel estimate combiner 230, are used as input for dot product 

35 module 238. 

Dot product module 238 computes the magnitude of the projection of 
the supplemental channel signal onto the combined channel estimate 
vector, resulting in a scalar projection output. The output of dot product 
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module 238 is then deinterleaved in deinterleaver 240, which performs the 
inverse function of interleaver 108. The output of deinterleaver 238 is 
provided to decoder 242, which performs the inverse function of interleaver 
104. 

5 Throughout the wireless receiver portrayed in FIG. 3, one skilled in 

the art will appreciate that any of the delay elements 220, 222, or 232 could be 
implemented as accumulators or buffers without departing from the current 
invention. In addition, one skilled in the art will appreciate that pairs of 
delay elements, for example delay elements 232a and 232b, may be 

10 implemented separately, or combined into a single delay module which 
performs the same function, without departing from the current invention. 

Though the preferred embodiment shown uses orthogonal Walsh 
functions to accomplish sub-channel decoding, one skilled in the art will 
appreciate that the sub-channel decoding could also be accomplished using 

15 TDMA or FN coding without departing from the current invention. In an 
embodiment utilizing PN coding, reference signals Wg, W,,, and Wp are 
replaced by PN codes corresponding to the supplemental, pilot, and 
fundamental channels respectively. 

20 We Claim: 



1 

i 
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CLAIMS 

1. An apparatus for receiving an information signal, comprising: 
2 means for performing pilot channel estimation based on a pilot sub- 
channel signal to produce a pilot channel estimate; 

4 first means for extracting a first sub-channel signal from said 

information signal; 

6 first means for performing channel estimation, operably connected to 

said first means for extracting, for producing a first channel estimate; 
8 a channel estimate combiner, operably connected to said means for 

performing pilot channel estimation and said first means for performing 
10 channel estimation, for combining said pilot channel estimate and said first 

channel estimate to produce a combined channel estimate; 
12 second means for extracting a second sub-channel signal from said 

information signal; and 
14 a first dot product module, operably connected to said channel 

estimate combiner and said second means for extracting, for producing a 
16 sub-channel symbol stream based on said second sub-channel signal and said 

second channel estimate. 

2. The apparatus of claim 1 wherein said first means for extracting 
2 comprises a first pseudonoise (PN) despreader and said second means for 

extracting comprises a second PN despreader. 

3. The apparatus of claim 1 wherein said means for performing 
2 pilot channel estimation is a pilot channel estimator for producing said pilot 

channel estimate based on a pilot pseudonoise (PN) code reference signal. 

4. The apparatus of claim 1 wherein said means for performing 
2 pilot channel estimation is a pilot channel estimator for producing said pilot 

channel estimate based on a pilot Walsh code reference signal. 

5. The apparatus of claim 4 wherein said pilot Walsh code is 
2 complex, and wherein said pilot channel estimator comprises complex 

mixers. 
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6. The apparatus of claim 1 wherein said first means for extracting 
2 is a first Walsh despreader, and wherein said second means for extracting is 

a second Walsh despreader. 

7. The apparatus of claim 6 further comprising a pseudonoise 
2 (PN) despreader for providing said information signal to said means for 

performing pilot channel estimation, to said first means for extracting, and 
4 to said second means for extracting. 

8. The apparatus of claim 7 wherein said PN despreader is a 
2 complex PN despreader. 

9. The apparatus of claim 1 wherein said channel estimate 
2 combiner is a weighted-average combiner for multiplying said pilot channel 

estimate by a pilot multiplier to produce a scaled pilot channel estimate, and 
4 multiplying said first channel estimate by a first multiplier to produce a 

scaled first channel estimate, and adding said scaled pilot channel estimate 
6 to said scaled first channel estimate to produce said combined channel 

estimate. 

10. The apparatus of claim 9 wherein the ratio of said pilot 
2 multiplier over said first multiplier is approximately equal to the ratio of 

transmit gain of said pilot sub-channel signal over transmit gain of said first 
4 sub-channel signal. 

11. The apparatus of claim 9 wherein said means for performing 
2 pilot charmel estimation is a pilot filter. 

12. The apparatus of claim 9 wherein said information signal 
2 comprises a composite I signal and a composite Q signal, and wherein said 

means for performing pilot channel estimation comprises a first mixer for 
4 mixing said composite I signal with a Walsh function, and a second mixer 
for mixing said composite Q signal with said Walsh function. 

13. The apparatus of claim 12 wherein said means for performing 
2 pilot channel estimation further comprises a first noise rejection filter for 

filtering the output signal of said first mixer, and a second noise rejection 
4 filter for filtering the output of said second mixer. 
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14. The apparatus of claim 8 wherein said means for performing 
2 pilot channel estimation comprises a delay module for synchronizing said 

pilot channel estimate with said first channel estimate. 

15. The apparatus of claim 1 wherein said first means for 
2 performing channel estimation comprises a second dot product module for 

receiving said pilot channel estimate and said first sub-channel signal and 
4 producing a scalar first channel signal. 

16. The apparatus of claim 15 wherein said first means for 
2 performing channel estimation further comprises a channel estimator for 

receiving the output of said second dot product module and the output of 
4 said first Walsh despreader and producing said first channel estimate. 

17. The apparatus of claim 15 further comprising: 

2 a deinterleaver, operably connected to said second dot product 

module; 

4 a forward error correction decoder, operably connected to said 

deinterleaver; 

6 a forward error correction encoder, operably connected to said forward 

error correction decoder; 
8 an interleaver, operably cormected to said forward error correction 

encoder; and 

10 a channel estimator, operably cormected to said interleaver and said 

first means for extracting. 

18. The apparatus of claim 17 wherein said deinterleaver is a block 
2 deinterleaver and said interleaver is a block interleaver. 

19. The apparatus of claim 17 wherein said deinterleaver is a bit 
2 reversal deinterleaver and said interleaver is a bit reversal interleaver. 

20. The apparatus of claim 17 wherein said deinterleaver is a 
2 convolutional deinterleaver and said interleaver is a convolutional 

interleaver. 
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21. The apparatus of claim 17 wherein said deinterleaver is a turbo 
2 deinterleaver and said interleaver is a turbo interleaver. 

22. The apparatus of claim 17 wherein said forward error 
2 correction decoder is a turbo code decoder and said forward error correction 

encoder is a turbo code encoder. 

23. The apparatus of claim 17 wherein said forward error 
2 correction decoder is a block decoder and said forward error correction 

encoder is a block encoder. 

24. The apparatus of claim 17 wherein said forward error 
2 correction decoder is a trellis decoder and said forward error correction 

decoder is a convolutional encoder. 

25. The apparatus of claim 17 further comprising a control 
2 processor, operably cormected to said forward error correction decoder and 

said forward error correction encoder, for receiving error corrected symbols 
4 from said error correction decoder, performing frame quality checking and 

rate determination for said error corrected symbols, producing frame rate 
6 information and a frame quality metric signal, and providing said frame rate 

information to said error correction encoder. 

26. The apparatus of claim 25 wherein said control processor 
2 further comprises a smoothing module for performing smoothing of said 

frame quality metric signal. 

27. The apparatus of claim 25 wherein said channel estimate 
2 combiner is a weighted-average combiner for multiplying said pilot channel 

estimate by a pilot multiplier to produce a scaled pilot channel estimate, and 
4 multiplying said first channel estimate by a first multiplier to produce a 

scaled first channel estimate, and adding said scaled pilot channel estimate 
6 to said scaled first channel estimate to produce said combined channel 

estimate. 

28. The apparatus of claim 26 wherein said control processor 
2 provides said frame rate information to said channel estimate combiner. 
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and wherein said channel estimate combiner adjusts the ratio of said pilot 
4 multipHer to said first multiplier based on said frame rate information. 

29. The apparatus of claim 26 wherein said control processor 
2 provides said frame quality metric signal combiner to said channel estimate, 

and wherein said channel estimate combiner adjusts the ratio of said pilot 
4 multiplier to said first multiplier based on said frame quality metric signal. 

30. The apparatus of claim 26 wherein said control processor 
2 provides said frame quality metric and said frame rate information to said 

channel estimate combiner, and wherein said channel estimate combiner 
4 adjusts the ratio of said pilot multiplier to said first multiplier based on said 
frame quality metric and said frame rate information. 

31. A process for decoding a signal, comprising the steps of: 

2 a) generating a pilot channel estimate from an information signal 

based on a pilot sub-channel signal; 
4 b) extracting a first sub-charmel signal from said information 

signal; 

6 c) generating a first channel estimate based on said first sub- 

channel signal; 

8 d) combining said pilot channel estimate and said first channel 

estimate to produce a combined channel estimate; 
10 e) extracting a second sub-channel signal from said information 

signal; and 

12 f) performing a first dot product operation of said combined 

channel estimate and said second sub-channel signal to produce a sub- 
14 channel symbol stream. 

32. The process of claim 31 wherein said step of extracting a first 
2 sub-channel signal comprises pseudonoise (PN) despreading using a first PN 

channel code, and said step of extracting a second sub-channel signal 
4 comprises PN despreading using a second PN channel code. 

33. The process of claim 32 wherein said step of generating a pilot 
2 channel estimate comprises a PN despreading step based on a pilot PN 

channel code. 
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34. The process of claim 31 wherein said step of generating a pilot 
2 channel estimate comprises filtering of said information signal without 

mixing said information signal with a pilot Walsh code. 

35. The process of claim 31 wherein said step of generating a pilot 
2 channel estimate comprises Walsh despreading based on a pilot Walsh code. 

36. The process of claim 31 wherein said step of extracting a first 
2 sub-channel signal comprises a first Walsh despreading step based on a first 

Walsh code, and said step of extracting a second sub-channel signal 
4 comprises a second Walsh despreading step based on a second Walsh code. 

37. The process of claim 36 wherein said first and second Walsh 
2 codes are complex, and wherein said first and second Walsh despreading 

steps are complex Walsh despreading. 

38. The process of claim 36 further comprising the step of 
2 performing pseudonoise (PN) despreading of a downconverted signal to 

generate said information signal. 

39. The process of claim 38 wherein said PN despreading is 
2 complex PN despreading. 

40. The process of claim 39 wherein said step of generating a pilot 
2 channel estimate comprises synchronizing said pilot channel estimate with 

said first channel estimate. 

41. The process of claim 31 wherein said step of combining 
2 comprises the sub-steps of: 

d.l) multiplying said pilot channel estimate by a pilot multiplier to 
4 produce a scaled pilot channel estimate; 

d.2) multiplying said first channel estimate by a first multiplier to 
6 produce a scaled first charmel estimate; and 

d.3) adding said scaled pilot channel estimate to said scaled first 
8 channel estimate to produce said combined channel estimate. 

42. The process of claim 41 wherein the ratio of said pilot 
2 multiplier over said first multiplier is approximately equal to the ratio of 



BNSDCXID: <WO_0070773A2J_> 



wo 00/70773 PCT/USOO/12792 

24 

gain used to transmit said pilot sub-channel signal over gain used to 
4 transmit said first sub-channel signal. 

43. The process of claim 41 wherein said step of generating a pilot 
2 channel estimate comprises filtering said information signal to produce said 

pilot channel estimate. 

44. The process of claim 41 wherein said step of generating a pilot 
2 channel estimate comprises the sub-steps of: 

a.l) mixing the I component of said information signal with a pilot 
4 Walsh code to produce a first Walsh despread I signal; 

a.2) mixing the Q component of said information signal with said 
6 pilot Walsh code to produce a first Walsh despread Q signal; 

a.3) filtering said first Walsh despread I signal to produce the I 
8 component of said pilot channel estimate; and 

a.4) filtering said first Walsh despread Q signal to produce the Q 
10 component of said pilot channel estimate. 

45. The process of claim 41 wherein said step of generating a pilot 
2 channel estimate comprises the sub-steps of: 

a.l) multiplying said information signal with a complex pilot 
4 Walsh code to produce a first complex Walsh despread signal; and 

a.2) filtering the I component of said first complex Walsh despread 
6 signal to produce the I component of said pilot channel estimate; and 

a.3) filtering the Q component of said first complex Walsh despread 
8 signal to produce the Q component of said pilot charmel estimate, 

46. The process of claim 31 wherein said step of generating a first 
2 channel estimate comprises the sub-steps of: 

c.l) performing a second dot product operation of said pilot 
4 channel estimate and said first sub-channel, signal to produce a scalar first 
channel signal; 

6 c.2) delaying said first sub-channel signal to produce a delayed first 

sub-charmel signal which is synchronized with said scalar first channel 
8 signal; and 

C.3) performing channel estimation from said delayed first sub- 
channel signal, using said scalar first channel signal as a reference, to 
produce said first channel estimate. 



10 
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47. The process of claim 31 wherein said step of generating a first 
2 channel estimate comprises the sub-steps of: 

c.l) performing a second dot product operation of said pilot 
4 channel estimate and said first sub-channel signal to produce a scalar first 
channel signal; 

6 c.2) deinterleaving said scalar first channel signal, in accordance 

with a deinterleaving format, to produce a deinterleaved first channel 
8 signal; 

c.3) performing forward error correction decoding of said 
10 deinterleaved first channel signal, in accordance with a forward error 
correction format, to produce an error correction decoded first channel 
12 signal; 

C.4) performing forward error correction encoding of said error 
14 correction decoded first channel signal, in accordance with said forward 
error correction format, to produce an error correction encoded first channel 
16 signal; 

c.5) interleaving said error correction encoded first channel signal, 
18 in accordance with an interleaving format, to produce an estimated first sub- 
channel signal; 

20 C.6) delaying said first sub-channel signal to produce a delayed first 

sub-channel signal which is synchronized with said estimated first sub- 

22 channel signal; and 

C.7) performing channel estimation based on said delayed first sub- 

24 channel signal and said estimated first sub-channel signal to produce said 
first channel estimate. 

48. The process of claim 47 wherein said deinterleaving format is a 
2 block deinterleaving format and said interleaving format is a block 

interleaving format. 

49. The process of claim 47 wherein said deinterleaving format is a 
2 bit reversal deinterleaving format and said interleaving format is a bit 

reversal interleaving format. 

50. The process of claim 47 wherein said deinterleaving format is a 
2 convolutional deinterleaving format and said interleaving format is a 

convolutional interleaving format. 
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51. The process of claim 47 wherein said deinterleaving format is a 
2 turbo deinterleaving format and said interleaving format is a turbo 

interleaving format. 

52. The process of claim 47 wherein said forward error correction 
2 format is a turbo code format. 

53. The process of claim 47 wherein said forward error correction 
2 format is a block error correction coding format. 

54. The process of claim 47 wherein said forward error correction 
2 format is a convolutional error correction coding format. 

55. The process of claim 47 further comprising the step of 
2 performing frame quality checking and rate determination on said error 

correction decoded first channel signal, to produce frame rate information 
4 and a frame quality metric signal, and wherein the frame, rate used in 

performing said forward error correction encoding is based on said frame 
6 rate information. 

56. The process of claim^ 55 wherein said frame quality checking 
2 comprises a smoothing step for performing smoothing of said frame quality 

metric signal. 

57. The process of claim 55 wherein said combining step comprises 
2 the sub-steps of: 

d.l) generating a pilot multiplier and a first multiplier; 
4 d.2) multiplying said pilot channel estimate by said pilot multiplier 

to produce a scaled pilot channel estimate; 
6 d.3) multiplying said first channel estimate by said first multiplier 

to produce a scaled first channel estimate; and 
8 d.4) adding said scaled pilot channel estimate to said scaled first 

channel estimate to produce said combined channel estimate. 

58. The process of claim 56 wherein the ratio of said pilot 
2 multiplier to said first multiplier are adjusted based on said frame rate 

information. 
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59. The process of claim 56 wherein the ratio of said pilot 
2 multiplier to said first multiplier are adjusted based on said frame quality 
metric signal. 



60. An apparatus for transmitting an information signal, 
2 comprising: 

means for producing a pilot channel signal; 
4 first error correction encoding means for receiving a first sub-channel 

signal and producing a first error correction encoded signal; 
6 first interleaving means, operably connected to said first error 

correction encoding means, for receiving said first error correction encoded 
8 signal and producing a first interleaved signal; 

first channelization means, operably connected to said first 
10 interleaving means, for receiving said first interleaved signal and producing 

a first channelized signal; 
12 first relative gain controller, operably connected to said first 

channelization means, for receiving said first channelized signal and 
14 producing a gain-controlled first channel signal; 

second error correction encoding means for receiving a second sub- 
16 channel signal and producing a second error correction encoded signal; 

second interleaving means, operably connected to said second error 
18 correction encoding means, for receiving said second error correction signal 

and producing a second interleaved signal; 
20 second charmelization means, operably cormected to said second 

interleaving means, for receiving said second interleaved signal and 
22 producing a second channelized signal; 

second relative gain controller, operably connected to said second 
24 interleaving means, for receiving said second channelized signal and 

producing a gain-controlled second channel signal; and 
26 gain control processor, operably connected to said first relative gain 

controller and said second relative gain controller, for providing a first gain 
28 control signal to said first relative gain controller and providing a second 
gain control signal to said second relative gain controller, and v^herein said 
30 first gain control signal is adjusted based on said second gain control signal. 

61. The apparatus of claim 60 wherein said means for producing a 
2 pilot channel signal comprises a pilot gain controller, operably connected to 

said gain control processor for adjusting the gain of said pilot charmel signal 
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4 according to a pilot gain control signal received from said gain control 
processor. 

62. The apparatus of claim 61 wherein said gain control processor 
2 adjusts said pilot gain control signal to: 

a first pilot gain value when the effective transmit gain of said first 
4 channel signal and the effective transmit gain of said second channel signal 
are both zero; 

6 a second pilot gain value when the effective transmit gain of said first 

channel signal is zero and the effective transmit gain of said second channel 
8 signal is greater than zero; and 

a third pilot gain value when the effective transmit gain of said first 
10 channel signal and the effective transmit gain of said second channel signal 
are both greater than zero. 

63. The apparatus of claim 61 wherein said gain control processor 
2 adjusts said pilot gain control signal based on the rate of data transmitted on 

said second channel. 

64. The apparatus of claim 60 wherein said gain control processor 
2 adjusts said first gain control signal based on the rate of data transmitted on 

said second channel. 

65. The apparatus of claim 60 wherein said gain control processor 
2 adjusts said first gain control signal based on the effective transmit gain of 

said second charmel signal. 

66. The apparatus of claim 60 wherein said first error correction 
2 encoding means is a first turbo code encoder and said second error correction 

encoding means is a second turbo code encoder. 

67. The apparatus of claim 60 wherein said first error correction 
2 encoding means is a first convolutional encoder and said second error 

correction encoding means is a second convolutional encoder. 

68. The apparatus of claim 60 wherein said first error correction 
2 encoding means is a first block coder and said second error correction 

encoding means is a second block coder. 
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69. The apparatus of claim 60 wherein said first interleaving 
2 means is a first block interleaver and said second interleaving means is a 
second block interleaver. 

70- The apparatus of claim 60 wherein said first interleaving 
2 means is a first bit reversal interleaver and said second interleaving means 
is a second bit reversal interleaver. 

71. The apparatus of claim 60 wherein said first interleaving 
2 means is a first convolutional interleaver and said second interleaving 

means is a second convolutional interleaver. 

72. The apparatus of claim 60 wherein said first interleaving 
2 means is a first turbo interleaver and said second interleaving means is a 

second turbo interleaver. 

73. The apparatus of claim 60 wherein: 

2 said first channelization means utilizes pseudonoise (PN) 

channelization to spread said first channelized signal based on a first PN 
4 channel code; and 

said second channelization means utilizes PN channelization to 
6 spread said second charmelized signal based on a second PN channel code. 

74. The apparatus of claim 73 wherein: 

2 said first PN channelization is complex PN channelization; 

first PN channel code is a first complex PN channel code; 
4 said second PN channelization is complex PN channelization; and 

second PN channel code is a second complex PN channel code; 

75. The apparatus of claim 60 wherein: 

2 said means for producing a pilot channel utilizes an orthogonal pilot 

channel code; 

4 said first channelization means utilizes orthogonal channelization to 

spread said first channelized signal based on a first orthogonal channel code; 
6 and 

said second channelization means utilizes orthogonal channelization 
8 to spread said second channelized signal based on a second orthogonal 
channel code. 
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76. The apparatus of claim 60 wherein: 

2 said first channelization means comprises a first Walsh spreader for 

spreading said first interleaved signal based on a first Walsh channel code; 
4 and 

said second channelization means comprises a second Walsh spreader 
6 for spreading said second interleaved signal based on a second Walsh 
channel code. 

77. The apparatus of claim 76 wherein said pilot channel signal is a 
2 pilot Walsh code. 

78. The apparatus of claim 76 further comprising a pseudonoise 
2 (PN) spreader, operably connected to said means for producing a pilot 

channel signal, to said first relative gain controller, and to said second 
4 relative gain controller, for PN spreading said pilot channel signal, said gain- 
controlled first channel signal and said gain-controlled second channel 
6 signal. 

79. The apparatus of claim 78 wherein said PN spreader is a 
2 complex PN spreader for complex PN spreading said pilot channel signal, 

said gain-controlled first channel signal and said gain-controlled second 
4 channel signal. 

80. The apparatus of claim 78 wherein said PN spreader further 
2 rotates said gain-controlled first charmel signal and said gain-controlled 

second channel signal ninety degrees out of phase from said pilot channel 
4 signal. 

81. An process for transmitting an information signal, comprising 
2 the steps of: 

a) producing a pilot channel signal; 
4 b) performing forward error correction encoding of a first sub- 

channel signal, according to a forward error correction coding format, to 
6 produce a first error correction encoded signal; 

c) interleaving said first error correction encoded signal, according 
8 to an interleaving format, to produce a first interleaved signal; 

d) channelizing said first interleaved signal to produce a first 
10 channelized signal; 
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e) performing forward error correction encoding of a second sub- 
12 channel signal, according to said forward error correction coding format, to 

produce a second error correction encoded signal; 
14 f) interleaving said second error correction encoded signal, 

according to said interleaving format, to produce a second interleaved 
16 signal; 

g) channelizing said second interleaved signal to produce a 
18 second channelized signal; 

h) generating a first channel gain based on said first sub-channel 
20 signal and said second sub-channel signal; 

i) applying said first channel gain to said first channelized signal 
22 to produce a gain-controlled first channel signal; 

j) applying a second channel gain to said second channelized 
24 signal to produce a gain-controlled second channel signal; and 

k) consolidating said pilot channel signal, said gain-controlled 
26 first channel signal, and said gain-controlled second channel signal to 
produce said information signal. 

82. The process of claim 81 wherein said step of producing a pilot 
2 channel signal comprises a step of applying a pilot gain to a constant-gain 

pilot charmel signal to produce said pilot channel signal. 

83. The process of claim 82 wherein the value of said pilot gain is 

2 set to: 

a first pilot gain value when the effective transmit gain of said first 
4 channel signal and the effective transmit gain of said second channel signal 
are both zero; 

6 a second pilot gain value when the effective transmit gain of said first 

channel signal is zero and the effective transmit gain of said second channel 
8 signal is greater than zero; and 

a third pilot gain value when the effective transmit gain of said first 
10 charmel signal and the effective transmit gain of said second channel signal 
are both greater than zero. 

84. The process of claim 82 further comprising the step of adjusting 
2 said pilot gain based on the data rate of said second sub-channel signal. 
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85. The process of claim 81 further comprising the step of adjusting 
2 said first channel gain based on the data rate of said second sub-channel 

signal. 

86. The process of claim 85 wherein said forward error correction 
2 coding format is a turbo code format. 

87. The process of claim 85 wherein said forward error correction 
2 coding format is a convolutional encoding format. 

88. The process of claim 85 wherein said forward error correction 
2 coding format is a block coding format. 

89. The process of claim 85 wherein said interleaving format is a 
2 block interleaving format. 

90. The process of claim 85 wherein said interleaving format is a 
2 bit reversal interleaving format. 

91. The process of claim 85 wherein said interleaving format is a 
2 convolutional interleaving format. 

92. The process of claim 85 wherein said interleaving format is a 
2 turbo interleaving format. 

93. The process of claim 85 wherein said step of channelizing said 
2 first interleaved signal comprises multiplying said first interleaved signal by 

a first pseudonoise (PN) channel code, and said step of channelizing said 
4 second interleaved signal comprises multiplying said second interleaved 
signal by a second PN charmel code. 

94. The process of claim 93 wherein said pilot channel signal is a 
2 pilot pseudonoise (PN) channel code. 

95. The process of claim 85 wherein: 

2 said pilot channel signal is a pilot Walsh channel code; 

said step of channelizing said first interleaved signal comprises 
4 multiplying said first interleaved signal by a first Walsh channel code; and 
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said step of channelizing said second interleaved signal essentially 
6 comprises multiplying said second interleaved signal by a second Walsh 
channel code. 

96. The process of claim 95 wherein said pilot Walsh channel code 
2 is an all-zero Walsh code. 

97. The process of claim 95 further comprising a pseudonoise (PN) 
2 spreading step, wherein said pilot channel signal, said gain-controlled first 

channel signal and said gain-controlled second channel signal are PN spread 
4 to form a PN spread information signal. 

98. The process of claim 97 wherein said PN spreading is complex 
2 PN spreading. 

99. The process of claim 97 further comprising the step of rotating 
2 said pilot channel signal ninety degrees out of phase from said gain- 
controlled first channel signal and said gain-controlled second channel 

4 signal within said PN spread information signal. 



.0070773A2J_> 



wo 00/70773 



PCT/USOO/12792 




BNSDOCID: <WO_0070773A2^I_> 



wo 00/70773 



PCT/USOO/12792 





CM 





OS 




tu 




Q 




< 




u 




o^ 




o. 




CO 



MS)- 1- 



OO 







OO 






o 

CM 






REL. 


GAIN 




REL. 


GAIN 


REL. 


GAIN 


i 














i 

































O 




GO 




OO 


z 


W 

u 


< 


o 


o 


9^ 
04 



CM 

d 



O 







OO 
0 




INT 




INT 



z 
< 

o 





BNSDOCID: <WQ 0070773A2 I > 



wo 00/70773 



PCT/USOO/12792 



3/4 





BNSCXX:iD: <WO 0070773A2 I > 



d 



wo 00/70773 



4/4 



PCT/USOO/12792 




BNSDOCID: <WO 0070773A2 I > 



TWs page wank lusptol 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Intemadonal Bureau 




(43) International Publication Date (10) International Publication Number 

23 November 2000 (23.11.2000) pCT WO 00/70773 A3 



(51) International Patent Classification^: H04L 25/02. 
H04B 1/707, 7/005 

(21) International Application Number: PCTAJSOQ/12792 

(22) International Filing Date: 10 May 2000 (10.05.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

09/310,232 12 May 1999 (12.05.1999) US 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR. CU, CZ, DE, 
DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM. TR, TT, 
TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional)', ARIPQ patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY. DE, DK, ES, R, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



(71) Applicant: QUALCOMM INCORPORATED [US/US]; Published: 

5775 Morehouse Drive, San Diego, CA 92121-1714 (US). — With international search report. 



(72) Inventor: LING, Fuyun; 113S2 Wills Creek Road, San (88) Date of publication of the international search report: 



Diego. CA 92131 (US). 



17 May 2001 



(74) Agents: WADSWORTH, Philip, R. et al.; Qualcomm In- 
corporated, 5775 Morehouse Drive, San Diego, CA 92121- 
1714 (US). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: AMPLITUDE AND PHASE ESTIMATION METHOD IN A WIRELESS COMMUNICATION SYSTEM 



SS ^2 00 

' — RCVR 



^202 




(57) Abstract: Apparatuses for a transmitter and a receiver (202) which enhance the performance of a system coherent demodulation 
by utilizing non-pilot sub-channels to enhance the accuracy of estimates of amplitude and phase noise inherent in the transmission 
channel. This enhancement is accomplished by utilizing the corrected received data on a fundamental channel to enhance a pilot 
channel estimate, which is subsequently utilized by a dot product module in demodulating a supplementary data channel. 



BNSDOCID: <WO_0070773A3_I_> 



INTERNATIONAL SEARCH REPORT 



Intern*, ^onal Application No 

PCT/US 00/12792 



A. CLASSITOATION OF SUBJECT UATTER , 

IPC 7 H04L25/02 H04B1/707 H04B7/005 



According lo Intemaiional Patent Classification (IPC) or to both national ctassitication and IPC 



B. FIELDS SEARCHED 



Mtnimuni docunrtentation searched (classiticatron system followed by dassificalion symbols) 

IPC 7 H04L H04B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC, COMPENDEX 



C« DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 98 26544 A (ERICSSON GE MOBILE INC) 
18 June 1998 (1998-06-18) 
abstract; figures 7-11 



page 


9, 


line 8 - 


line 11 


page 


12, 


line 


28 




page 


13, 


line 


3 - 


line 5 


page 


15, 


line 


4 - 


line 10 


page 


15, 


1 Ine 


18 


- line 21 


page 


16. 


line 


4 - 


line 5 



1,31 



2,3,32, 
33 



-/- 



Further documents are listed in the continuation of box C 



10 



Patent family memtsers are listed in annex. 



* Special categories of cited documents : 

*A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but publisfied on or after the international 

filing date 

•L' document which may throw doubts on priority claim(s)or 
which is cited to establish the pubbcatton date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

*P' document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international fiiirig date 
or priority date and not in conflict with the application but 
cited to understand the principle or ttteoiy underlying the 
invention 

*X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot t)e considered to 
invohre an inventive step when tfie document is taken alone 

*Y* document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step wtien the 
document is combined with one or more other such docu- 
ments, such combination t>eing obvious lo a person skilled 
in the art. 

'&* document member of the same patent family 



Date of the actual completion of the international search 

18 December 2000 



Date of mailing of the international search report 

02 0 1 2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HVRi|SWijk 
Tel (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (♦31-70)340-3016 



Authorized officer 



Papantonlou, A 



Forni PCT/)SA/2io(seeano sheet) (July 1992) 
<WO__0070773A3J > 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 00/12792 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication. wtiere appropriate, ot the relevani passages 



Relevant to claim No. 



X 
Y 



ATSUSHI FUKASAWA ET AL: "CONFIGURATION 
AND CHARACTERISTICS OF AN INTERFERENCE 
CANCELLATION SYSTEM USING A PILOT SIGNAL 
FOR RADIO CHANNEL ESTIMATION- 
ELECTRONICS & COMMUNICATIONS IN JAPAN, 
PART I - COMMUNICATIONS, US, SCRIPTA 
TECHNICA. NEW YORK, 
vol. 79, no. 2, 

1 February 1996 (1996-02-01), pages 
100-115, XP000559704 
ISSN: 8756-6621 
abstract; figures 1,4,5 

page 105, right-hand column, line 5 - line 
9 

page 105, right-hand column, line 21 -page 

106, left-hand column, line 14 

page 107, left-hand column, line 1 - line 

14 

US 5 555 268 A (ZAGHLOUL HATIM ET AL) 
10 September 1996 (1996-09-10) 

abstract; figure 1 

page 102, right-hand column, line 9 - line 
20 

WO 98 58461 A (ERICSSON TELEFON AB L M) 
23 December 1998 (1998-12-23) 
page 3, line 8 - line 15 

page 4, line 10 - line 22 

page 5, line 3 - line 9 

page 5, line 16 - line 22 

page 10, line 4 - line 8 

EP 0 856 955 A (OKI ELECTRIC IND CO LTD 
;YRP MOBILE TELECOMMUNICATIONS (JP)) 
5 August 1998 (1998-08-05) 
page 17, column 31, line 26 - line 53 
page 17, column 32, line 11 - line 39 
page 18, column 33, line 4 - line 24 
page 18, column 34, line 24 - line 55 

US 5 784 360 A (SABNANI KRISHAN KUMAR ET 

AL) 21 July 1998 (1998-07-21) 

column 2, line 52 - line 54 

column 6, line 47 - line 64 

column 9, line 5 - line 10 

column 9, line 30 - line 51 

-/-- 



1,31 



2.3,32. 
33 



1,31 



60,61, 
65-82 
63,64, 
84-99 



60-62, 
65,81-83 



63,64, 
84-99 



3 



Form PCT/ISA/210 (continuation ot second sneet^ (July 1992) 
BNSDOCID: <WO 0070773A3_l_> 



page 2 of 



3 



3 



INTERNATIONAL SEARCH REPORT i — 1 

lnten*.^onai Application No 

PCT/US 00/12792 


C.(ContinuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


Citation of documenl. with indication. where appropriaie. of ttie relevant passages 


RelBvant to claim No. 


A 


EP 0 887 947 A (NIPPON ELECTRIC CO) 

30 December 1998 (1998-12-30) 

abstract; figure 7 

page 3, line 32 - line 54 

page 4, line 8 - line 11 

page 4, line 27 - line 29 

page 5, line 53 - line 56 


60-99 



Form PCT/ISA/210 <cantinualion ot sooond sftaot) (July 1992) 



BNSDOCID: <WO_0070773A3_I, 



page 3 of 



3 



r 



International application No. 



PCT/US 00/12792 



INTERNATIONAL SEARCH REPORT 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2){a) for the following reasons: 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

1 . run As all required additional search fees were timely paid by the applicant this International Search Report covers all 

searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority cfid not invite payment 

of any additional fee. 



I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
— ' covers only those claims for which fees were paid, specifically claims Nos.: 



I 1 No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 




because they relate to subject matter not required to be searched by this Authority, namely: 




because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 




Claims Nos.: 



Remark on Protest 





No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 

BNSDOCID: <WO 0070773A3J_> 



International Application No. PCTXJS 00 A 2 792 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ £10 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-59 

Combined channel estimation of a pilot channel estimation 
and a first channel estimation. 



2. Claims: 60-99 



Transmission of multi-channel signal whereby a first and 
second channel gain controller are used to control the gain 
Of a first and second channel respectively. 



BNSCX3CIO: <WQ_0070773A3J_> 



INTERNATIONAL SEARCH REPORT 

InformaUon on patent family members 



lntefm<i.«onal Application No 

PCT/US 00/12792 



Patent document 


Put>lication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


UO 9826544 A 


18-06-1998 


US 


5889827 A 


30-03-1999 






AU 


7851698 A 


03-07-1998 






BR 


9713933 A 


28-03-2000 






CN 


1245607 A 


23-02-2000 






EP 


0944977 A 


29-09-1999 






US 


6084929 A 


04-07-2000 



US 5555268 A 10-09-1996 US RE36533 E 25-01-2000 



WO 9858461 A 23-12-1998 AU 8050198 A 04-01-1999 

CN 1267410 T 20-09-2000 
EP 0990314 A 05-04-2000 



EP 0856955 A 05-08-1998 JP 3003611 B 31-01-2000 

JP 10215218 A 11-08-1998 

JP 3042614 B 15-05-2000 

JP 11150754 A 02-06-1999 



US 5784360 A 21-07-1998 US 5671218 A 23-09-1997 

CA 2145705 A 29-10-1995 

EP 0680159 A 02-11-1995 

JP 2928133 B 03-08-1999 

JP 7303093 A 14-11-1995 



EP 0887947 A 30-12-1998 BR 9802565 A 03-11-1999 

JP 11074834 A 16-03-1999 



Fotm PCT/lSA/210 (patent tamily annex) (July 1992) 
BNSDOCID: <WO 0070773A3_L> 



THIS PAGE BLANK (PSm 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 
?ADED TEXT OR DRAWING 

' BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning tliese documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



mis PAGE BLWtK«** 



